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SHADOWGRAPHS OF AIR FLOW OVER PROSPECTIVE SPACE
SHUTTLE CONFIGURATIONS AT MACH NUMBERS
FROM 0.8 TO 1.4
By Jules B. Dods, Jr., Richard D. Hanly and James H. Efting

Ames Research Center
SUMMARY

Shadowgraphs of five Space Shuttle Launch configurations are presented.
The model was a 4 percent-scale Space Shuttle Vehicle, tested in the 11- by
11-foot Transonic Wind Tunnel at Ames Research Center. The Mach number was
varied from 0.8 to 1.4 with three angles of sideslip (0°, 5° and -5°) that
were used in conjunction with three angles of attack (4°, -4°, and 0°).
The model configurations included both series-burn and parallel-burn con-
figurations, two canopy configurations, two positions of the Orbiter nose
relative to the HO tank nose, and two HO tank nose-cones angles (15° and
20°). The data consist entirely of shadowgraph photographs.

INTRODUCTION

Preliminary data results have been presented for the investigation
of the aerodynamic performance of a 4 percent-scale model of the MSC Space
Shuttle vehicle in references 1 and 2. In addition to the fluctuating pres-
sure data of those reports, shadowgraphs were also taken during the course
of the tests. The purpose of these photographs was to identify and locate
zones of significant turbulence in order that unsteady pressure instrumen-
tation could be best located to measure maximum values. Although additional
tests will be needed when a final Space Shuttle configuration is selected,
early tests of candidate configurations are also useful to gain insight
on the complexities of the flow and to acquire preliminary estimates of
the fluctuating pressures. The present report should be considered as a
supplement to reference 2 in order to complete the documentation of those
tests, and as such the discussion of results presented herein will be very
brief.




NOTATION

HO hydrogen-oxygen tank

SRM solid rocket motors

TWT transonic wind tunnel

M free stream Mach number

q, free stream dynamic pressure
a angle of attack, deg.

R angle of sideslip, deg.

CONFIGURATION DESCRIPTION

0f the seven Space Shuttle configurations reported in reference 2,
only five of them were tested in the Mach number range of the 11- by 11-ft
TWT. The other two configurations (no's 6 and 7) were tested only in the
9- by 7-foot SWT to determine the effect of highly underexpanded rocket
exhaust plumes and Orbiter engines using solid-body plumes for simulation
at free-stream Mach numbers of 1.6 and 2.2. Configuration 5 showing typical
dimensional information is shown in figure 1. A detailed description of
the configurations tested is shown in figure 2. Installation photographs
of each configuration are presented in reference 2 along with a more de-
tailed description of the various configurations.

RESULTS AND DISCUSSION

The data presented herein consist of shadowgraph air-flow studies of
five configurations of a 4 percent-scale model of the Space Shuttle Vehicle.
In general, the data are presented for each configuration at free-stream
Mach numbers from 0.80 to 1.40 at angles of sideslip of 0° and 5° in com-
bination with angles of attack of -4°, 0°, and 4°. An exception to this
is for configuration 5 wherein the results are for angles of attack and
sideslip of (0°, 0°), (8°, -5), or (4°, -5°) respectively.

The shadowgraphs are presented in figures 3 through 6 for configura-
tion 1, in figures 7 through 11 for configuration 2, and in figures 12
through 17 for configuration 3. The effect of changing the canopy can be



seen by comparing the photographs of configuration 3 with those of con-
figuration 4 in figures 18 through 22. The remainder of the data are for
the parallel-burn configuration (no. 5) in figures 23 through 25. Although
some shadowgraphs are listed for the same testing conditions, they are not
duplicates since the model was raised or lowered in the tunnel to present
a different field of view.

For convenience, a detailed listing of the figures is given in Table I.
CONCLUDING REMARKS

Data in the form of shadowgraph photographs are presented to aid in
the identification and Tocation of regions of significant turbulence. The
data are considered to be supplemental to fluctuating pressure data pre-
viously reported for this test and are presented primarily to complete the
documentation of that work.

Ames Research Center
National Aeronautics and Space Administration

Moffett Field, California 94035 May 2, 1975
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TABLE 1. - LIST OF FIGURES
Figure

1 Parallel-Burn Configuration with Modified Canopy.
2 Configurations Tested.
3 Shadowgraphs of Series-Burn Configuration 1 at M, = 0.80.

e= 0°, 8=0°, q_=621 psf
a=-4°, g=0°, q_=624 psf
a= 0°, B=0°, q_=622 psf
a=-4°, 8=0°, q_=624 psf
a=-4°, p=5°, q_=622 psf
o= 0°, B=b5°, qm=625 psf
a= 4°, B=h°, qm=623 psf
o= 4°, g=5°, q_=623 psf
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4 Shadowgraphs of Series-Burn Configuration 1 at M =0.90.

(a) o=-4°, g=5°, q_=713 psf
(b) o= 0°, 8=5°, q =711 psf
(c) o= 4°, g=5°, q =711 psf

5 Shadowgraphs of Series-Burn Configuration 1 at M_= 1.00.

(a) a=-4°, p=5°, q_=787 psf
(b) o= 0°, B=5°, q =784 psf
(c) o= 4°, g=5°, q_=784 psf
(d) o= 4°, =5°, q_=786 psf
(e) o= 0°, B=5°, q_=783 psf
(f) o=-~4°, p=5°, q_=787 psf

6 Shadowgraphs of Series-Burn Configuration 1T at M = 1.40.

(a) a=-4°, p=5°, q_=457 psf
(b) o= 0°, g=5°, q_=457 psf
(c) o= 4°, g=5°, q_=457 psf
(d) oa=-4°, g=0°, q =465 psf
(e) a=-4°, g=5°, q_=465 psf
(f) o= 0°, B=5°, q_=466 psf
(9) o= 4°, g=5°, q_=465 psf
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TABLE 1. - LIST OF FIGURES - Continued.

Shadowgraphs of Series-Burn Configuration 2 at M_= 0.80.

a=-4°, g=5°, q =621 psf
o= 0°, B=5°, q =620 psf
a= 4°, B=5°, q =623 psf

Shadowgraphs of Series-Burn Configuration 2 at M, = 0.90.

a=-4°, g=5°, q =709 psf
a= 0°, 8=5°, q_=709 psf
a= 4°, g=5°, q =707 psf

Shadowgraphs of Series-Burn Configuration 2 with Both Angle
of Attack and Angle of Sideslip Equal to 0°.

M= 1.40,
M 0.95,

q_= 456 psf
q.= 7/

47 psf
Shadowgraphs of Series-Burn Configuration 2 at M_= 1.00.

a=-4°, g=5°, q =786 psf
a= 0°, p=5h°, q.=783 psf
o= 4°, p=5°, q =786 psf

Shadowgraphs of Series-Burn Configuration 2 at M_= 1.40.
a=-4°, B=5°, q =459 psf
a= 0°, B=5° q_ “=459 psf
a= 4°, g=5°, q'-459 psf

Shadowgraphs of Series-Burn Configuration 3 at M_= 0.80.

a=-4°, p=5°, q,=622 psf
a= 0°, B=5h°, q,=619 psf
a= 0°, g=0°, q =620 psf
a= 4°, g=0°, q. =621 psf

Shadowgraphs of Series-Burn Configuration 3 at M= 0.90.
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TABLE 1.

Shadowgraphs of Series-Burn Configuration

a=-4°,

a= 0°,
o= 0°,
o= 4°,
a= 0°,

B=5°a
B=5°,
g=0°,
g=0°,
g=0°,

Q=785 psf
q =783 psf
q_=784 psf
q_=788 psf
q_=751 psf

- LIST OF FIGURES - Continued.

3 at M=

1.00.

Shadowgraghs of Series-Burn Configuration 3 with Both

Angle of

Shadowgraphs of Series-Burn Configuration

q,=459 psf

a=-4°, p=5°,
= q,=458 psf

o= 0°, B=5h°,
Shadowgraphs of Series-Burn Configuration

o= 0°,
a= 4°,

g=0°,
g=5°,

q_=459 psf
q, *=458 psf

Shadowgraphs of Series-Burn Configuration

o= Oo, B=5°s
a 00’ B=0°9

q =622 psf
q =623 psf

Shadowgraphs of Series-Burn Configuration

a= 0°,
o= 0°,

B=5°,
8=0°,

q =710 psf
q_=711 psf

Shadowgraphs of Series-Burn Configuration
g=5°,
B=5°s

g=0°,
g=5°,

q =782 psf
q =785 psf
q_=787 psf
q_=786 psf

ttack and Angle of Sideslip Equal to 0°.

3 at Mw=

3 at Mm=

4 at Mm=

4 at M =

4 at Mw=

1.39.

1.40.

0.80.

0.90.

1.00.
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TABLE 1. - LIST OF FIGURES - Concluded.

Figure Page
21 Shadowgraphs of Series-Burn Configuration 4 with Both Angle
of Attack and Angle of Sideslip Equal to 0°.
(a) M= 0.95, q_= 751 psf 42
(b) M=1.10, g_= 560 psf 42
(c) M= 1.30, q_= 454 psf 42
22 Shadowgraphs of Series-Burn Configuration 4 at M_= 1.40.
(a) a=-4°, 8=5°, q_=459 psf 43
(b) a= 0°, p=5°, q_=459 psf 43
(c) o= 0°, 8=0°, q =458 psf 44
(d) a= 4°, g=5°, q =459 psf 44
23 Shadowgraphs of Parallel-Burn Configuration 5 with Both Angle
of Attack and Angle of Sideslip Equal to 0°.
(a) M=0.80, q_= 798 psf 45
(b) M_=0.90, q_= 711 psf 45
(c) M=1.00, q_= 786 psf 46
(d) M=1.20, q_= 587 psf 46
(e) M= 1.40, q_= 459 psf 46
24 Shadowgraphs of Parallel-Burn Configuration 5 with Angle of
Attack Equal to 8° and Angle of Sideslip Equal to -5°.
(a) M=0.95, q_= 750 psf 47
(b) M=1.00, q_= 784 psf 47
(c) M=1.20, q_= 586 psf 48
(d) M= 1.40, q_= 459 psf 48
25 Shadowgraphs of Parallel-Burn Configuration 5 with Angle of
Attack Equal to 4° and Angle of Sideslip Equal to -5°.
(a) M= 0.95, q_= 750 psf 49
(b) M'= 1.40, q°= 459 psf 49
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SYMBOLS FOR CONFIGURATION DESCRIPTION

O =ORBITER

Ci =EXISTING CANOPY

C2 =MODIFIED CANOPY

S =SHORT HO TANK

L =LONG HO TANK

Tis=HO TANK, NOSE CONE HALF ANGLE
T20 = HO TANK, NOSE CONE HALF ANGLE

R, =15° RAMP AND PROTUBERANCE

PB =PARALLEL BURN SOLID ROCKET MOTORS

NOTE -
DIMENSIONS ARE SHOWN IN METERS AND (INCHES)

‘_O 595
‘ (23 42)[ ~ _/r
|,5°
@
(a) X 50
CONFIGURATION |
0.308
(2.1
J}c -
15e |
.
(b) Y50
CONFIGURATION 2

(c) Y50
CONFIGURATION 3
06 STopR |

F

0.308
(12.1)
| ]
(d)
CONFIGURATION 4
6Lz 5Tog
0.595

CONFIGURATION 5
0C,LT,oPB

Figure 2. - Configurations tested.




Figure 3. - Shadowgraphs of series-burn configuration 1 at M, = 0.80.
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0°% Q= 624 psf

o
?

(d) a=-4

Figure 3. - Continued.
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(e) a=-4° B=5°% q,=622 psf

Figure 3. - Continued.
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(f) a=0° B=5°% qy =625 psf

Figure 3. - Continued.
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(g) a=4° B=5° q=623 psf

Figure 3. - Continued.
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(h) a= 4° B=5° Q=623 psf

Figure 3. - Concluded.
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(@) a=-4° B=5° qyn=7I3 psf

0.90.

i

Figure 4. - Shadowgraphs of series-burn configuration 1 at M,
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5° Qg = 711 psf

(b) a=0° B

Figure 4. - Continued.
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(c) @=4° B=5° qq=7Ipsf

Figure 4. - Concluded.
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) a@=4° B=5°% Q=784 psf

Figure 5. - Shadowgraphs of series-burn configuration 1 at M_
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(f) a=-4°% B=5° Q= 787 psf

Figure 5. - Concluded.

20



(€) @=4°5 B=5° Qu=457 psf

Figure 6. - Shadowgraphs of series-burn configuration 1 at M,
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5° Qqq = 465 psf
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Figure 6. - Continued.

(e) a=-4
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(g) a=4° B=5° q,= 465 psf

Figure 6. - Concluded.
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(c) a=4% B=5°% qp =623 psf

Figure 7. - Shadowgraphs of series-burn configuration 2 at M, = 0.80.
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() a=4% B=5% qu=707 psf

Figure 8. - Shadowgraphs of series-burn configuration 2 at M, = 0.90.
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(b) Mp=0.95, Q=747 psf

Figure 9. - Shadowgraphs of series-burn configuration 2 with both
angle of attack and angle of sideslip equal to 0°.
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(c) a=4%5 B=55 Q=786 psf

Figure 10. - Shadowgraphs of series-burn configuration 2 at M_ = 1.00.
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(a) a@=-4° B=5° Q=459 psf

©) a=4% B=5° qp =459 psf

Figure 11. - Shadowgraphs of series-burn cohfiguration 2 at M_ = 1.40.
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(b) @=0° B=5° Q= 619 psf

Figure 12. - Shadowgraphs of series-burn configuration 3 at M_ = 0.80.
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(d) a = 4° B=05 q, = 62| psf

Figure 12. - Concluded.
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(b) @=0° B=5°% qg =709 psf

Figure 13. - Shadowgraphs of series-burn configuration 3 at M, = 0.90.
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(d) a=4° B=5°% qgn=T7II psf

e T & R )
Tl > TRY

Figure 13 - Concluded.
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(b) @=0°, B=5° q4= 783 psf

Figure 14. - Shadowgraphs of series-burn configuration 3 at M_ = 1.00.
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(e) a=0% B=0° Q=751 psf

Figure 14. - Concluded.
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(b) Mg=1.30, Q=454 psf.

Figure 15. - Shadowgraphs of series-burn configuration 3 with both
angle of attack and angle of sideslip equal to 0°.
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(b) @a=0° B=5° Q= 458 psf

Figure 16. - Shadowgraphs of series-burn configuration 3 at M, = 1.39.
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(b) @ =4° B=5° q, =458 psf

Figure 17. - Shadowgraphs of series-burn configuration 3 at M_ = 1.40.
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(b) @ = 0°, B=0° q, =623 psf

1

Figure 18. - Shadowgraphs of series-burn configuration 4 at M_ = 0.80.
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(b) a=0° B=0°% q4= 7l psf

Figure 19. - Shadowgraphs of series-burn configuration 4 at M, = 0.90.
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(@) @=-4° B=5° Qqq= 782 psf

(b) @=0° B=5° qy= 785 psf

Figure 20. - Shadowgraphs of series-burn configuration 4 at M, = 1.00.
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(d) @=4°, B=5° q, =786 psf
Figure 20. - Concluded.
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(@) Mgp=0.95, qp=75! psf

(€) Mp=1.30, Q=454 psf

Figure 21. - Shadowgraphs of series-burn configuration 4 with both
angle of attack and angle of sideslip equal to 0°.
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(b) @=0° B=5° Q4= 459 psf

Figure 22. - Shadowgraphs of series-burn configuration 4 at M,

43

= 1.40.




(d) a =4°, B8=5° q =459 psf

rigure 22. - Concluded.
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(b) Mp=0.90, qp=7Il psf

Figure 23. - Shadowgraphs of parallel-burn configuration 5 with both
angle of attack and angle of sideslip equal to 0°.

45




(e) Mp=1.40, Q=459 psf

Figure 23. - Concluded.

46



(b) Mg=1.00, Qe =784 psf

Figure 24. - Shadowgraphs of parallel-burn configuration 5 with angle
of attack equal to 8° and angle of sideslip equal to -5°.
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(d) Mg = 1.40, Qw=459 pSf

Figure 24. - Concluded.
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(b) Mp=1.40, Qqp=459 psf

Figure 25. - Shadowgraphs of parallel-burn configuration 5 with angle
of attack equal to 4° and angle of sideslip equal to -5°.

49




. Report No. 2. Government Accession No.

NASA TM X-62,444

. Recipient’s Catalog No.

. Title and Subtitle

Shadowgraphs of Air Flow over Prospective
Space Shuttle Configurations at Mach Numbers
From 0.8 to 1.4

. Report Date

May 1975

. Performing Organization Code

. Author(s)

Jules B. Dods, Jr., Richard D. Hanly and
James H. Efting

. Performing Organization Report No.

A-6099

. Performing Organization Name and Address

Ames Research Center
Moffett Field, Ca. 94035

10.

Work Unit No.

506-17-32

. Contract or Grant No.

12.

Sponsoring Agency Name and Address

National Aeronautics and Space Administration
Washington, D.C. 20546

13.

Type of Report and Period Covered

Technical Memorandum

14.

Sponsoring Agency Code

. Supplementary Notes

16.

Abstract

Shadowgraphs of five Space Shuttle Launch configurations are presented.
The model was a 4 percent-scale Space Shuttle Vehicle, tested in the 11- by

11-foot Transonic Wind Tunnel at Ames Research Center.

The Mach number was

varied from 0.8 to 1.4 with three angles of sideslip (0°, 5° and -5°) that
were used in conjunction with three angles of attack (4°, -4°, and 0°).
The model configurations included both series-burn and parallel-burn con-
figurations, two canopy configurations, two positions of the Orbiter nose
relative to the HO tank nose, and two HO tank nose-cones angles (15° and
20°). The data consist entirely of shadowgraph photographs.

17. Key Words (Suggested by Author(s)) 18. Distribution Statement
Space Shuttle Vehicle Unclassified-Unlimited
Shadowgraphs
Star Category 15,02
19. Security Classif. {of this report) 20. Security Classif. {of this page) 21. No. of Pages 22. Price”
Unclassified Unclassified 51 $3.75

*For sale by the National Technical Information Service, Springfield, Virginia 22151






